Introduction
============

Lumbar spinal stenosis (LSS) is a degenerative spinal disease that results in progressive narrowing of the spinal canal, leading to compression of the nerve root \[[@B1][@B2]\]. LSS is a common leading cause of physical inactivity and functional impairment in older adults, which is mostly attributed to leg and lower back pain and neurogenic claudication. LSS considerably reduces an individual\'s quality of life (QOL) \[[@B3]\]. Moreover, various factors (e.g., comorbidities and demographic factors) are collectively associated with LSS-related functional impairment and physical inactivity \[[@B4]\]. Therefore, it is important to clarify the factors associated with physical inactivity and functional impairment in patients with LSS.

Physical fitness represents a person\'s general physical health status \[[@B5]\]. The level of physical fitness has been associated with age-associated diseases such as hypertension, diabetes, and cognitive impairment \[[@B6][@B7][@B8]\]. Furthermore, some physical fitness parameters have been associated with QOL and severity of pain among patients with musculoskeletal diseases \[[@B5]\]. Although the precise mechanisms are unknown, pain sensitization and proinflammatory cytokines are believed to be involved \[[@B9][@B10]\].

As LSS is a major cause of physical inactivity and functional impairment, patients with LSS often experience a decline in physical fitness. Decreased physical fitness can be a common factor leading to pain in older adults. Moreover, decreased physical fitness contributes to decline in QOL and the activities of daily living. Therefore, a strong interrelationship may exist between physical fitness and LSS. However, few studies have investigated these associations. We investigated the association between the degree of disability from back pain, QOL, and physical fitness parameters in women with LSS aged over 65 years.

Materials and Methods
=====================

1. Study design and participants
--------------------------------

We designed this cross-sectional study as part of a national program to develop criterion-referenced health-related fitness standards for the National Fitness Award, conducted between March and November 2014. The study was approved by the Institutional Review Board of the corresponding author\'s organization (IRB no. B-1405/252-005). Written informed consent was obtained from all participants before enrollment in the study. The study included two groups: a study group (LSS group), consisting of symptomatic patients with LSS who visited the spine center at the last author\'s hospital, and a control group, comprising randomly chosen women from six cities in Korea. Inclusion criteria for the LSS group were (1) women aged between 65 and 85 years, (2) stenotic lesion in the lumbar spine confirmed via radiology, and (3) symptoms (one or more) of gluteal/lower extremity pain or numbness exacerbated by walking or standing, which was improved or resolved by sitting or bending forward, motor function deficits in the lower extremities and buttocks, and bladder/bowel dysfunction thought to be caused by spinal stenosis \[[@B11]\]. Radiological stenotic lesions were confirmed with lumbar magnetic resonance imaging \[[@B12]\]. Inclusion criteria for the control group were (1) women aged between 65 and 85 years who were (2) generally healthy and could perform physical fitness tests. We excluded participants who were unable to perform physical fitness tests because of pain in the knee, hip, or ankle joint, or a serious medical condition, and participants who were unable to complete the questionnaires about pain severity and disability. Study group participants were enrolled at the spine center of a tertiary-care teaching institution. Control group participants were randomly selected from six cities for the abovementioned national program, and enrolled through National Fitness Award program centers or senior citizen community centers. All participants in this study were enrolled between May and November 2014. In total, 38 women with a diagnosis of LSS were defined as the LSS group and 154 healthy women were defined as the control group.

2. Measurements
---------------

Measurements used to assess the relationships among different parameters were taken after confirmation of inclusion and exclusion criteria. All data were collected by blinded clinical research assistants. Anthropometric data were collected for comparison of basic characteristics between the two groups. Height and weight were measured using standard methods. Body mass index (BMI) was calculated as weight divided by the square of height (kg/m^2^). Body composition, including fat content (%) and skeletal muscle mass (kg), was measured with bioimpedance analysis using InBody 720 (Inbody Corp., Seoul, Korea), a tool approved by the US Food and Drug Administration and validated by research \[[@B13]\]. Waist circumference was measured at the navel and recorded to the nearest centimeter. Eight standardized physical fitness tests, including handgrip strength, cross-arm crunch sit ups, trunk flexion-sit and reach, prone trunk extension, prone isometric chest raise, sit-to-stand (STS) test, functional reach, and the timed up and go (TUG) test, were performed for comparison of physical fitness in the two groups. The results of these tests were the primary outcomes of this investigation. Disability and QOL were evaluated using self-completed questionnaires: the Oswestry disability index (ODI), previously validated in Korea \[[@B14]\], to assess functional disability related to lower back pain, and the Korean version of the EuroQol five-dimensional questionnaire (EQ-5D-5L), to evaluate health-related QOL. ODI and EQ-5D-5L results were the secondary outcomes of this study.

3. Physical performance tests
-----------------------------

All testing sessions were conducted by experienced standardized researchers.

### 1) Handgrip strength (generalized muscle strength)

Muscular strength was assessed by a handgrip strength test \[[@B15]\]. Handgrip strength (kg) was measured with a digital dynamometer (GRIP-D 5101, Takei, Tokyo, Japan). Measurements were performed twice for both hands, and the mean values were recorded.

### 2) Cross-arm sit-up test (muscle endurance)

Muscle endurance was assessed with a cross-arm sit-up test \[[@B15]\]. Participants were instructed to fix their feet on the floor with both arms crossed over their chest. Starting in a supine position, they were instructed to sit up repeatedly while maintaining the position of their feet and arms for 60 seconds. The number of repetitions in 60 seconds was recorded (repetitions/60 sec).

### 3) Sit-and-reach test (flexibility)

Participants\' general flexibility was assessed with a sit-and-reach test \[[@B16]\]. The test was performed with participants in a sitting position on a flat floor with their legs fully extended. Participants\' feet were placed against the base of the sit-and-reach box, with their toes pointing up. They were asked to place one hand over the top of the other hand and bend slowly forward as far as possible, sliding both hands on the measuring board while keeping both knees straight, and hold the position for at least 2 seconds. The distance reached was recorded.

### 4) Prone trunk extension (back extensor muscle strength and flexibility)

For the prone trunk extension and chest raise test, participants were instructed to lie flat on the floor in a prone position with both hands under their thighs \[[@B17]\]. They were then asked to lift their upper body from the floor slowly from the head, arms, and chest, as high as possible. The highest point that the participants\' chin reached (cm) was recorded.

### 5) Prone isometric chest raise test (back extensor endurance)

The back-muscle endurance of each participant was assessed with the prone isometric chest raise test \[[@B17]\]. Participants were placed prone on the floor and instructed to raise their upper body by 30°, lifting their sternum from the floor. They were asked to hold this position for as long as possible, and the total endurance time(s) was recorded.

### 6) STS test (functional mobility, strength of the lower extremities)

For the STS, participants were asked to sit in the middle of a standard chair (43 cm) without arm rests and with a straight back and crossing both arms over the chest \[[@B18]\]. Then, they were instructed to rise to a standing position and return to the sitting position repeatedly as fast as possible for 30 seconds. The total number of times a participant came to a full standing position within 30 seconds was recorded (repetitions/30 sec).

### 7) Functional reach test (stability)

For the functional reach test, a yardstick was prepared and attached to a flat wall at approximately shoulder height. Participants were instructed to stand close to the wall and raise their arms with a closed fist and a shoulder flexion of 90° \[[@B19]\]. The examiner recorded the position of the third metacarpal head on the yardstick. Next, participants were instructed to reach their arms forward as far as possible without moving their feet. The location of the third metacarpal head on the yardstick was recorded, and the difference between the start and end locations was recorded as the functional reach distance (cm).

### 8) TUG test (functional mobility and balance)

The TUG test was performed to assess participants\' mobility and balance \[[@B18]\]. Starting from a sitting position in the middle of a chair with arm rests, participants were instructed to rise from the chair, walk 3 m, turn around, walk back to the chair, and sit down at their regular pace. The time(s) between standing from the chair and sitting down again was recorded.

4. Statistical analysis
-----------------------

Data are expressed as mean±standard deviation. Clinical characteristics were compared between the control and LSS groups using Student\'s t tests. Analysis of covariance was used to determine the differences in physical fitness test results and ODI and QOL scores between the two groups after adjusting for age and BMI. Pearson\'s partial correlation analyses were performed to assess the relationships between the physical fitness measures and ODI and QOL scores between the control and LSS groups after adjusting for age and BMI. Analyses were performed with SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA) and the level of statistical significance was set as *p*\<0.05.

Results
=======

1. Comparison of basic characteristics between the control and LSS groups
-------------------------------------------------------------------------

[Table 1](#T1){ref-type="table"} shows the basic characteristics of participants in the LSS and control groups. Body weight, BMI, and fat content were significantly higher in the LSS group than in the control group (*p*\<0.05). There were no differences in age, height, skeletal muscle mass, and waist circumference between the two groups.

2. Comparison of physical fitness parameters, ODI, and QOL between the control and LSS groups
---------------------------------------------------------------------------------------------

After adjusting for age and BMI, handgrip strength (21.7±3.9 vs. 19.4±4.5, *p*\<0.01), sit-and-reach test (17.3±6.9 vs. 14.0±7.9, *p*=0.04), STS (17.1±6.0 vs. 11.6±3.3, *p*\<0.01), functional reach test (29.2±6.1 vs. 25.9±8.1, *p*=0.03), and TUG test results (6.9±2.0 vs. 8.3±2.2, *p*\<0.01) were significantly higher in the control group than in the LSS group ([Table 2](#T2){ref-type="table"}). ODI scores were significantly higher and EQ-5D-5L scores were significantly lower in the LSS group than in the control group after adjusting for age and BMI, highlighting that participants with LSS had a greater degree of back pain-related disability and lower QOL.

3. Association of physical fitness with functional disability and QOL
---------------------------------------------------------------------

In the control group, the prone trunk extension test (*r*=-0.21, *p*=0.02), prone isometric chest raise test (*r*=-0.21, *p*\<0.01), functional reach test (*r*=-0.25, *p*\<0.01), and TUG results (*r*=0.22, *p*\<0.01) were significantly correlated with both ODI and EQ-5D-5L scores after adjusting for age and BMI ([Table 3](#T3){ref-type="table"}). Handgrip strength was significantly correlated with EQ-5D-5L scores but not with ODI scores. In the LSS group, TUG test results were significantly correlated with ODI scores and handgrip strength was significantly correlated with both ODI and EQ-5D-5L scores.

Discussion
==========

Our cross-sectional study demonstrated that some physical fitness test results (handgrip strength, sit-and-reach, STS, functional reach, and TUG) were significantly lower in the LSS group than in the control group after adjusting for age and BMI. Furthermore, handgrip strength, functional reach, and TUG test results were significantly associated with back pain-related disability and QOL in the LSS group.

Our findings of the differences between the LSS and control groups in the physical fitness tests are consistent with those of a previous study. Kim et al. \[[@B18]\] reported that patients with LSS showed significantly lower TUG and STS test results. Walking disturbance and standing intolerance in conjunction with pain are common symptoms among patients with LSS. Generalized stability, which we measured with the functional reach test, is also diminished by LSS. Furthermore, the results of the sit-and-reach test were lower in the LSS group than the control group, indicating decreased flexibility in the LSS group. Therefore, the distinction in statistical significance in the comparisons between the LSS and control groups may be explained by the symptoms and pathophysiology of spinal stenosis.

In our study, the results of handgrip strength, functional reach, and TUG tests in the LSS group were significantly related to ODI, but only handgrip strength was related to QOL. In LSS, back pain is known to lead to disturbance in standing and walking, which ultimately results in disability. As the functional reach test reflects stability and the TUG test reflects mobility and balance, it is possible that participants with more severe problems with walking and stability will complain of a higher degree of disability related to back pain. However, in contrast to other tests, handgrip strength is not directly dependent on the symptoms of spinal stenosis, but rather reflects generalized muscle strength. Therefore, our results suggest a possible association between generalized muscle weakness and the pathogenesis of LSS. Handgrip strength was the only factor that was correlated with both ODI and QOL in the LSS group. A comprehensive understanding of the mechanism that explains the relationships among handgrip strength, back pain, and QOL is yet to be reached. However, we suggest a possible hypothesis based on our findings. First, enhanced basal muscle tone may reduce peripheral sensitization and pain \[[@B20]\]. A previous study reported that reduced basal muscle tone was associated with reduced resting state functional connectivity of sensory-motor systems and increased peripheral pain sensitization \[[@B5]\]. Therefore, increased basal muscle tone of the whole body induced by greater muscle strength may reduce peripheral pain sensitization, consequently reducing the degree of disability associated with back pain and improving QOL. Second, proinflammatory cytokines may be involved; increased proinflammatory cytokines are related to decreased muscle strength associated with age \[[@B21]\]. Increased oxidative stress, along with proinflammatory cytokines, induces the dysfunction of mitochondria and alters the synthesis of proteins, finally resulting in the loss of muscle function \[[@B22]\]. Therefore, although it is impossible to attribute causality with the results of our cross-sectional study, increased levels of proinflammatory cytokines with age may mediate the relationship of muscle strength to the degree of disability related to back pain and the decline of QOL in patients with LSS.

Our study has some limitations. First, the cross-sectional design could not determine any causality. Second, only a small number of women were assigned to the LSS group, making it is impossible to generalize our results. Third, we defined the LSS group based on simple radiography findings and subjective symptoms. Finally, we did not measure appendicular muscle mass, which reflects the muscle mass of the body, but only measured muscle strength.

Conclusions
===========

In conclusion, elderly women with LSS showed significantly lower physical fitness than the control group. Some physical fitness test results were also associated with the degree of disability related to back pain and QOL in the LSS group. In particular, handgrip strength (which reflects generalized muscle strength and is not considered to be influenced by LSS symptoms) was significantly lower in the LSS group than in the control group, and was correlated with the degree of disability and QOL in the LSS group. Although we could not determine causality, our results collectively suggest that enhancing muscle strength reduces the degree of disability due to back pain and improves QOL in patients with LSS. Further prospective, large-scale studies are required to verify our findings.
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###### Comparison of basic characteristics between the control and LSS groups
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Values are presented as mean±standard deviation.

LSS, lumbar spinal stenosis.

^a)^Derived with Student\'s *t* test.

###### Comparison of physical fitness, disability, and QOL between the control and LSS groups
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Values are presented as mean±standard deviation.

QOL, quality of life; LSS, lumbar spinal stenosis; ODI, Oswestry disability index; EQ-5D-5L, EuroQol five-dimensional questionnaire.

^a)^Derived with Student\'s *t* test. The results with statistical significance are in bold font; ^b)^Derived with analysis of covariances (ANCOVA) after adjusting for age and body mass index.

###### Association of physical fitness with functional disability and QOL
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QOL, quality of life; ODI, Oswestry disability index; EQ-5D-5L, EuroQol five-dimensional questionnaire.

^a)^Data are derived with partial correlation analysis between physical fitness tests and ODI, EQ-5D-5L after adjusting for age and body-mass index; ^b)^Values are presented as *r*-value (*p*-value) (*r*, correlation coefficient; *p*-value, two-tailed); ^c)^The results with statistical significance.
